Objectives We conducted a survey to investigate the use of bidet toilets among community dwelling Japanese people and explored the correlates for an itch on the anus. Methods A questionnaire-based survey was conducted among a convenience sample of individuals, who were derived from outpatients and employees of Kameda Medical Center, and students and employees of two technical colleges. Results A total of 4,963 respondents were evaluated in this study, 55 % of whom used bidet toilets either before or after defecation, and at least 30 % of bidet users washed the anus before defecation, partly to aid defecation. Men rather than women, and older people (aged C50 years) rather than younger people used bidets more actively. Logistic regression analysis showed that the correlates for an itch on the anus included male sex, younger age, washing the anus before defecation, warmer water for washing the anus after defecation, and the frequency of fecal leakage.
Introduction
Electric bidet toilets are automatic devices that deliver a jet of water to clean the anus after defecation. Since the first Japanese-made electric bidet toilets were introduced on the Japanese market in 1967, they have been steadily gaining popularity and have been developed to incorporate different functions to improve user comfort. Today, the user can select the water pressure and temperature they prefer, as well as water angle, from narrow to wide. In Japan, 76 % of households have bidet toilets [1] , and bidet use has become a growing global trend [2] , but a few investigatory studies have been conducted on bidet toilet use.
One study demonstrated the potential use of washand-dry toilets to improve the toileting experience for nursing home residents [3] , and another reported that bowel movements in patients with spinal cord injury could be successfully stimulated using a bidet [4] . A recent study showed that bidet use reduced anal resting pressure [5] . However, it is not certain how the general public uses bidets to clean the anal area. Furthermore, the active use of bidets may cause pruritus ani or perianal dermatitis [6] . The aim of this study was to conduct a survey to investigate electric bidet toilet use among community dwelling residents and explore the correlates for an itch on the anus.
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Methods

Study group and sampling technique
A questionnaire survey was conducted between May and July 2015. Based on a convenience sample, survey subjects were recruited from among outpatients and employees at Kameda Medical Center, and students and employees at two technical colleges; Kameda College of Health Sciences and Kameda Institute of Nursing and Advanced Practice. Subjects were eligible for inclusion in the study if they were aged [14 years old and reported their sex and age on the questionnaire.
Subjects were informed about the study before answering the questionnaire, and responding to the questionnaire was regarded as providing consent for study participation. Outpatients were given the questionnaire at the reception desk of each department, and were asked to complete it and return it to a box near the reception desk. The term for asking outpatients to complete questionnaires was limited to two consecutive weeks to minimize duplication. Questionnaires completed by students were collected by teaching staff, and those completed by employees were submitted to a secretary at each department. This study was approved by the Ethical Committee of Kameda Medical Center.
Questionnaire
The study questionnaire was developed by the study team and consisted of four parts: (1) basic demographic information (age and sex) and general questions on bidet toilet use; (2) questions targeting those who use bidet toilets before defecation; (3) questions targeting those who use bidet toilets after defecation; and (4) questions targeting women who use bidet toilets to wash the genitals. Details of the questionnaire items are listed in the Supplement.
Statistical analysis
The Chi-square test was used to compare the results of each item by sex. A logistic regression test was used to explore statistical associations between the outcomes of each item, and sex and age, because of potential differences in the use of bidet toilet use between men and women or between younger age and older age. This was not the case for items 4 (reasons for installing a bidet toilet at home), 7 (reasons for washing before defecation), 15 (reasons for washing after defecation), 25 (the order of washing, for which multiple answers were permitted), and 24 (washing the genitals), and the results were compared with the Chisquare test. Results were displayed as odds ratios (OR) with 95 % confidence intervals (95 % CI).
The independent variables included sex (woman vs. man) and age (C50 years vs. \50 years). The responses for the following dependent variables were categorized as follows: ''[10 years'' vs. ''the other four choices'' for the length of time using a bidet toilet (item 2); ''twice or more a day'' vs. ''the other four choices'' for the frequency of washing before defecation (item 5) and after defecation (item 13); ''[10 s'' vs. ''B10 s'' for the duration of washing before defecation (item 6) and after defecation (item 14); ''very often'' and ''slightly'' vs. ''never'' for the frequency of constipation (item 8); ''always'', ''often'' and ''sometimes'' vs. ''hardly ever'' and ''never'' for itch on the anus (items 9 and 16) and washing before and after defecation (item 10); ''very much'', ''considerably'', and ''somewhat'' vs. ''slightly'' and ''never'' for feeling inconvenienced when unable to use a bidet before defecation (item 11) and after defecation (item 17); ''very strong'' and ''strong'' vs. ''medium'', ''weak'' and ''very weak'' for the force of the water jet before defecation (item 12) and after defecation (item 18); ''wiping'' vs. ''no wiping'' for treatment after defecation (item 19); ''wiping many times'' vs. ''the other four choices'' for treatment after washing (item 20); ''hot'' and ''warm'' vs. ''body temperature'' and ''tap water'' for the temperature of water (item 21); ''daily'', ''once or more a week'', and ''once or more a month'' vs. ''once or more every 6 months'' and ''never'' for the frequency of fecal leakage (item 22); and ''always'' and ''sometimes'' vs. ''hardly ever'' and ''never'' for washing after urination (item 23).
A logistic regression test was used to determine the independent variables to compare with an itch on the anus. The dependent variable was an itch on the anus (item 16), and the independent variables included sex, years of age, washing the anus before defecation (''respondents'' vs. ''non-respondents'' for item 5), and the variables for washing the anus after defecation, the frequency of washing, the duration of washing, the force of the water jet, treatment after washing, temperature of the water, and frequency of fecal leakage. Feeling inconvenienced when unable to use a bidet (item 17) and treatment after defecation (item 19) was excluded from the independent variables, because those were not likely to relate to an itch on the anus. The variables for only women (item 23 and 24) were also excluded. The method of dividing the responses for the variables was consistent with those described above. Similarly, further logistic regression test was used to determine the independent variables to compare with an itch on the anus, by sex or age (\50 years vs. C50 years).
We initially examined the variables using univariate analysis, and then by multivariate analysis to include factors that were found to be significant at the P = 0.10 level during univariate analysis. Statistical analyses were performed using the statistical package for social science (SPSS) for Windows (version 11.0; SPSS Japan Inc., Tokyo, Japan).
Results
Total number of respondents was 5,086. The 106 respondents who did not report their sex or age and the 17 respondents who were under the age of 15 were excluded, leaving 4,963 included in the final analyses (3, 190 (64 %) women and 1,773 men). The mean ± standard deviation (SD) (range) age of the respondents was 49.6 ± 20.2 years [46.2 ± 20.0 (15-95) years for women and 54.2 ± 19.6 (15-98) years for men]. The respondents of outpatients at Kameda Medical Center were 3,460. The response rate of a questionnaire for employees of Kameda Medical Center, and students and employees of two technical colleges was 87 % (901/1,035) and 97 % (598/619), respectively. Basic demographics are shown in Table 1 .
The results of the logistic regression test to examine the associations between the outcomes of each item, and sex and age are shown in Table 2 , and the significant results among those are as follows. For item 1 (bidet use or not), 55 % (2,724/4,952) of respondents washed the anus either before or after defecation, and this was independently associated with male sex and older age (C50 years). As for item 3, 83 % (2,253/2,724) of the respondents reported that they had a bidet toilet at home, and this was independently associated with older age.
Items 5 to 12 targeted bidet toilet users who washed the anus before defecation. According to the responses to item 5 (frequency of washing before defecation), at least 30 % (828/2,724) of bidet users washed before defecation irrespective of the frequency, and 30 % (247/828) washed twice or more a day, and this was independently associated with older age. For item 6 (the duration of washing before defecation), 25 % (184/728) of the respondents washed for [10 s before defecation, and this was independently associated with male sex. As for the reasons for washing the anus before defecation (item 7), 70 % (469/673) of the respondents reported ''Because it aids defecation by stimulating the anus with a jet of water,'' and 20 % (137/ 673) reported ''Because it aids defecation like an enema when water penetrates the rectum.'' The number of respondents who indicated they were usually constipated and washed the anus with a bidet toilet before defecation was significantly greater than that of those who were not usually constipated and washed the anus before defecation [75 % (382/508) vs. 67 % (320/477), P = 0.005]. For item 10 (washing before and after defecation), 92 % (915/995) of the respondents washed the anus not only before, but also after defecation at least sometimes, and this was independently associated with male sex and older age. For item 12 (the force of the water jet before defecation), 35 % (351/1,013) of the respondents preferred a strong or very strong water jet, and this was independently associated with male sex. The respondents who reported that they washed the anus with a bidet before defecation to aid defecation (first and second choices for item 7) significantly preferred a stronger water jet than those who did not select these choices (47 % (235/503) vs. 23 % (38/164), P \ 0.0001).
Items 13 to 23 targeted those who washed the anus after defecation. For item 13 (frequency of washing after defecation), 39 % (942/2,439) of the respondents washed the anus after defecation twice or more a day, and this was independently associated with male sex and older age. For item 14 (duration of washing after defecation), 28 % (685/ 2,459) of the respondents washed for more than 10 s, and this was independently associated with male sex. For item 15 (reasons for washing after defecation), 92 % (2,202/ 2,404) of the respondents used bidet toilets, because they wanted to clean feces from the anus, and 15 % (371/2,404) used them, because they wanted to not only clean the anus, but also empty any remaining feces from the rectum. For item 16 (an itch on the anus), 14 % (345/2,449) of the respondents had an itch on the anus at least sometimes, and this was independently associated with younger age. Of the 25 respondents who reported that they had an itch always or often on item 9, 20 responded to item 16 and 75 % of those (15/20) also reported that they had an itch always or often. For item 18 (force of the water jet after defecation), 31 % (779/2,441) of the respondents preferred strong or very strong water pressure, and this was independently associated with male sex and older age. For item 20 (treatment after washing), 28 % (698/2,500) of the respondents wiped off excess water with toilet paper many times, and this was independently associated with male sex and younger age. For item 21 (temperature of the water), 42 % (1,050/2,526) of the respondents preferred warm or hot water, and this was independently associated with older age. For item 22 (frequency of fecal leakage), 6 % (156/ 2,534) of the respondents had experienced the leakage of feces or liquid stool once or more a month after leaving the lavatory, and this was independently associated with older age.
The results of the analyses for correlates of an itch on the anus are shown in Table 3 . The univariate analyses showed that age, sex, washing the anus before defecation, and, among the variables for washing the anus after defecation, the frequency of washing, the force of the water jet, treatment after washing, temperature of water, and frequency of fecal leakage were associated with an itch on the anus. Among these variables, age (OR, 0.48), sex (OR, 0.78), washing the anus before defecation (OR, 1.47), temperature of the water (OR, 1.37), and frequency of fecal leakage (OR, 3.18) were independent correlates for frequency of an itch on the anus in the multivariate analyses. When the correlates of an itch on the anus for women were analyzed, the above-mentioned four correlates were independent correlates in the multivariate analyses. Similarly, when the correlates of an itch on the anus for men were analyzed, age, the frequency of washing, the force of the water jet, and frequency of fecal leakage were independent correlates (Table 4 ). In addition, when the correlates of an itch on the anus for older people (C50 years) were analyzed, the wash of the anus before defecation, treatment after washing, and frequency of fecal leakage were independent correlates. Equally, when the correlates of an itch on the anus for younger people (\50 years) were analyzed, the frequency of washing after defecation, and the temperature of water were independent correlates (Table 5) .
Discussion
To the best of our knowledge, this is the first study to comprehensively explore how electric bidet toilets are used by a large population. More than half of the respondents washed the anus with a bidet either before or after The independent variables included sex, years of age, washing the anus before defecation (''respondents'' vs.''non-respondents'' for item 5), and the variables for washing the anus after defecation, the frequency of washing, the duration of washing, the force of the water jet, treatment after washing, temperature of the water, and frequency of fecal leakage OR odds ratio; CI confidence interval N.A. multivariate analysis was not examined, because the variable was not found to be significant at the P B 1.0 level during univariate analysis The independent variables included years of age, washing the anus before defecation (''respondents'' vs.''non-respondents'' for item 5), and the variables for washing the anus after defecation, the frequency of washing, the duration of washing, the force of the water jet, treatment after washing, temperature of the water, and frequency of fecal leakage OR odds ratio; CI confidence interval N.A. multivariate analysis was not examined, because the variable was not found to be significant at the P B 1.0 level during univariate analysis Environ Health Prev Med (2016) 21:547-553 551 defecation, and more than 80 % reported that bidet toilets were installed at home. One of the remarkable findings of this study is that bidet toilets were used to aid defecation. Regarding the reasons for installing a bidet toilet at home, 17 % (379/2,237) of bidet users reported that they expected it to aid defecation, and at least 30 % (828/2,724) of bidet users washed the anus before defecation. Of the bidet users who washed before defecation, 70 % expected the bidet to aid defecation by stimulating the anus with a jet of water. These results are supported by the fact that more than half of bidet users felt inconvenienced when they were unable to use a bidet before defecation. On the other hand, bidet users who were usually constipated tended to wash the anus before defecation, whereas those who were not usually constipated did not. The effects of bidet toilets on aiding defecation have been scarcely reported. A previous study reported that bidet toilet use successfully stimulated bowel movement in patients with spinal cord injury [4] . In this study, those who used a bidet before defecation as a defecation aid preferred a stronger water jet, possibly because it aids defecation in the same manner as an enema with water penetrating the rectum. In fact, this was confirmed by a previous study that reported an increase in rectal temperature after applying warm water, suggesting that water may penetrate the rectum [5] . Anorectal stimulation with a water jet can initiate reflex defecation and active anorectal inhibitory reflex to cause relaxation of the internal anal sphincter. Enemas also cause reflex defecation and increase bowel peristalsis with water streaming into the rectum.
The differences in bidet toilet use by sex and age remain unknown. Regarding the associations between the outcomes of each item and sex, the number of men who washed the anus with a bidet was greater than that of women. Men washed the anus with a bidet for a longer time than women, and they preferred a stronger water jet, either before or after defecation. Men also preferred to wipe excess water from the anus many times. It may be natural that from the anatomical point of view that the number of women who washed the anus after urination was greater than that of men.
Regarding the associations between the outcomes of each item and age, the number of older people (C50 years) who washed the anus with a bidet was greater than that of younger people. People of 50 years and over washed the anus with a bidet more frequently and felt more inconvenienced when unable to use a bidet, either before or after defecation, than younger people. In addition, people of 50 years and over preferred a stronger water jet either before or after defecation, and warmer water for washing the anus after defecation, than younger people. Fecal leakage was more frequent among people of 50 years and over than younger people. To summarize, men rather than women, and people of 50 years and over rather than younger people preferred to use a bidet more actively or aggressively.
Pruritus ani is divided into two subtypes: idiopathic or secondary. Coexisting pathology which may cause secondary pruritus ani includes anorectal diseases such as hemorrhoids or anal fissures, skin disorders such as contact dermatitis, infectious disease such as fungal infection, systemic diseases such as diabetes, and others such as fecal leakage and overly aggressive cleansing [7] . The pathology of an itch on the anus reported by bidet toilet users was not clinically identified in this study, and it is uncertain that an itch on the anus an outcome of the bidet toilet use or motivation for the use. In this study, the following The independent variables included sex, washing the anus before defecation (''respondents'' vs.''non-respondents'' for item 5), and the variables for washing the anus after defecation, the frequency of washing, the duration of washing, the force of the water jet, treatment after washing, temperature of the water, and frequency of fecal leakage OR odds ratio; CI confidence interval N.A. multivariate analysis was not examined, because the variable was not found to be significant at the P B 1.0 level during univariate analysis variables were revealed to be independent correlates for an itch on the anus: male sex, younger age, washing the anus before defecation, warmer water for washing after defecation, and frequency of fecal leakage. Washing the anus before defecation may cause over aggressive cleansing because most of the respondents who washed the anus before defecation also washed after defecation. Washing with warmer water may be a cause of pruritus ani. On the other hand, fecal leakage is very important in pruritus ani [8] . Feces contain endopeptidases of bacterial origin, in addition to potential allergens and bacteria. These enzymes are capable of causing both itching and inflammation [7] . Men are known to be affected more often than women by pruritus ani [9] . The analyses performed by sex in this study showed that independent correlates for an itch on the anus between both sexes were not identical. The frequency of washing after defecation and the force of the water jet were included among the correlates for men but were not included among the correlates for women. Men might be affected by an itch on the anus, because they had fecal leakage more frequently (OR = 3.82) and used a bidet more actively. It is uncertain why younger people were affected by an itch on the anus more often than people of 50 years and over in this study, and this may have been influenced by the specific subjects of this study who used a bidet. The analyses performed by age in this study showed that independent correlates for an itch on the anus were the frequency of washing after defecation and the temperature of water for younger people (\50 years), and frequency of fecal leakage, the wash of the anus before defecation, and treatment after washing for older people (C50 years). Younger people might be affected by an itch on the anus, because they used a bidet more actively, and people of 50 years and over might be affected by an itch on the anus, not only because they used a bidet more actively but also because they had fecal leakage more frequently (OR = 4.27). A previous study examined the correlation of an itch on the anus reported by outpatients with variables on bidet toilet use. Because of the smaller number of respondents (n = 575) and the shortage of independent variables included in that study, only men were independently associated with an itch on the anus, and the other variables, including age, the frequency of washing, the duration of washing, and length of time using a bidet toilet, were not found to be independent correlates [10] .
This study had several limitations. First, this was a cross-sectional study. Second, subjects were drawn from a convenience sample of people, including outpatients, students, and employees living in a rural city. The employees and students were medical staffs or those who were studying medical science or nursing. Their health-consciousness may be different from general population. The sampling method and location limits its generalizability to the larger Japanese population. Third, accurate physical measurements of the bidet water jet including the pressure, temperature, and angle were not made and therefore the responses were subjective. Fourth, the comparison of an itch on the anus or fecal leakage between bidet toilet users and non-users was not analyzed.
In conclusion, this study is the first to comprehensively explore how bidet toilets are used to clean the anal area by community dwelling Japanese people. Of all the respondents, 55 % used a bidet toilet either before or after defecation, and at least 30 % of users washed the anus before defecation, partly to aid defecation. Men and people of 50 years and over used bidets more actively than women and younger people. The correlates for an itch on the anus included male sex, younger age, washing the anus before defecation, warmer water for washing after defecation, and frequency of fecal leakage.
